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(57) Attract 

The present invention* directed to a mate- 
rial (10) which can be used to deliver a drug, such 
a* an antibiotic, into a diseased tissue pocket (1% 
such as a periodontal pocket Toe material (10) is 
preferably a bkserodibie polymer such a* * potior- 
thoester), a poMactic add. aipolygiycolic add or a 
copolymer or fixture thereof. Hie polymer con- 
taining the drug Is heated to t physiologically com- 
patible elevated temperature prior to injection into 
the tissue pocket (12). Once tjie bioerodible roateri- 
al (10) is injected into the pocket (12), the material 
(1(Q cools to the body temperature of the pocket 
(12), As it cools, the material (10) hardens and re- 
mains in place in the tissue p ocket (12). The hard- 
ened material (10) bioerodes in the pocket (12) and 
releases the drug over a period of several days. 
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BBHB DELIVERY SYSTEM AND METHOD 

TECHNICAL FIELD 

This Invention relates to a device and method for delivering a 
- s drug to a localized body site. More particularly, this Invention 
relates to a device and method for delivering a drug, such as an 
antibiotic, to a diseased tissue site, such as a periodontal pocket, 
for the treatment of periodontal disease. 

io BftCKfiROUNQ ART 

Periodontal disease 1s a common and widespread disease which 
has been shown to be a result of pathogenic bacterial Infection 
established within the gingival sulcus. This condition, if not 
arrested,! will cause formation of a periodontal pocket. The bacteria 

is found in the periodontal pocket are more anaerobic and contain more 
gram-negative organisms than bacteria found supraglngivally. 

Conventional therapy and treatment of periodontal disease 1n 
humans Involves the mechanical removal of bacterial plaque and other 
accumulated debris from the periodontal pocket, often called root 

20 planing and scaling* More severe cases may require periodontal 
surgery to remove damaged tissue. These procedures, are expensive, 
painful, cause extensive bleeding and, accordingly, are not well 
accepted by patients* These procedures are also temporary at best, 
and frequent recall visits to the dental surgeon are often necessary. 

25 Several factors reduce the effectiveness of supraginglval 

application of drugs or other medicaments in treating periodontal 
disease. For example, the close proximity of the gum tissue to a 
tooth impairs diffusion of a medicament into a periodontal pocket. 
Also, a crevlcular fluid 1s continually produced in the pocket and 

ao flows outwardly. The crevicular fluid flows out of the pocket at a 
rate of about 1 to 5 microliters per hour in healthy periodontal 
tissue and at a rate of about 10 to 100 microliters per hour 1n 
diseased periodontal tissue. 

As a result, the penetration of topically or supraginglval ly 

35 applied medicaments has been largely Ineffective in the' treatment of 
periodontal disease. With topical application, the medicaments 
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penetrate no more than about 2 mm Into a periodontal pocket and are 
quickly washed out by the crevicular fluid outflow.- Since 
periodontal pockets can be about 5 mm or greater In depth, topical 
application does not provide an effective means- for treating diseased 
5 periodontal pockets. 

Many techniques have been proposed for treatment of periodontal! 
disease, e.g. drug-containing lozenges which slowly dissolve In the 
mouth, drug-containing chewing gums, topical buccal bandages and 
dressings, topically applied compositions (e.g., waxes, pastes, 

10 creams and ointments) and drug-Impregnated dental floss. These 
techniques, however, are not effective 1n delivering a drug into a 
diseased periodontal pocket for the reasons outlined above. 

Systemic application of drugs such as tetracycline for the 
treatment of periodontal disease 1s also known. Unfortunately, the, 

is systemic application of an. antibiotic results in very low 

concentrations of antibiotic delivered to the diseased site (e.g., 
the periodontal pocket). There Is also a greater opportunity for an 
adverse systemic reaction to a drug administered systeralcaTly 
compared |to localized administration. 

zo In order to overcome the disadvantages of topical treatments 

and systemic administration of antibiotics 1n order to treat 
periodontal disease, drug delivery devices suitable for placement 
directly in the periodontal pocket have been developed. For example, 
U.S. Patent 4,568,535 discloses a delivery device comprising an 

as ethyl cellulose f1l« containing metronidazole which 1s placed In a 
periodontal pocket for a period of days during which the , 
metronidazole is slowly released. After the metronidazole is 
released, the film must then be surgically removed from the pocket. 
Antibiotic (e.g., tetracycline) containing fibers have also been 

so inserted Into the periodontal pocket to treat periodontal disease. 
See, for example, U,S. Patent No. 4,175,326. After the antibtotlc 
has been Completely delivered, the fibers must be removed, requiring 
a follow-up visit to the dentist. In addition, the placement of 
fibers in the periodontal pocket has been found by certain individual 

3s practitioners to be somewhat time-consuming, thereby raising the cost 
of the treatment. 
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In response to these problems, bioerodlble drug delivery 
devices have been proposed for treating periodontal disease. The 
delivery device typically includes an antibiotic dispersed in a 
bioerodible and biocompatible material: The device' has a size and. 
5 shape suitable for Insertion Into the periodontal pocket (e.g., 1n 
the shape of a fiber; see U.S. Patent No. 4,764,377). The 
bioerodlble material may be polymeric and it may be natural (e.g., 
collagen) or synthetic (e.g., a polylactide). After Insertion into 
the periodontal pocket, the antibiotic is released slowly over a 
jo period of days. Following delivery of the drug, the material erodes 
and the erosion products are washed out of the pocket by the normal 
outflow of gingival fluid. Typically, the erosion products are 
swallowed and eventually excreted by the body. Since the material 
erodes in-sltu within the periodontal pocket, there is no. need for a 
is follow-up visit to the dental surgeon in order to remove the drug 
delivery device. 

While the use of bioerodlble delivery devices represents a, 
major step forward in the treatment of periodontal disease, there 
remains a need in the art for a devicr which can be -more quickly and 
20 easily placed In a tissue pocket, such as a periodontal pocket, and 
will conform more exactly to the size and shape of each Individual 
pocket for the release of a beneficial agent in order to treat a 
disease condition. 

Baker in U.S. Patent 4,780,320 describes a system for 
zs delivering drug to a periodontal pocket which comprises drug- 
containing biodegradable micropartlcles or microcapsules 1n a fluid 
carrier medium which are injected Into the pocket with a syringe. 
These small particles, however, have several disadvantages when used 
In a tissue pocket. When they are Inserted into body cavities such 
ao as a periodontal pocket, the eye or the vagina where there is 
considerable fluid flow, these snail particles are poorly retained 
because of their small size and discontinuous nature, particularly 
when present In a fluid medium, and can easily be squeezed or flow 
out of the tissue pocket opening. A further limitation to the use of 
35 micropartlcles Is their lack of reversibility without extensive 
intervention. That is, if there are complications after they have 
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been injected, it is considerably more difficult to remove them from 
the body than with more solid Implants. 

Bucalo in U.S. Patent Nos. 3,982,537, 4,030,499 and 4,054,138 
describes a material formed of hydrogenated vegetable oil or animal 

5 fat for implanting into internal tissue. The hydrogenated oil/fat 
melts upon heating to a temperature of about 130* F (55*C). The 
material is mixed with the drug or antibiotic and Injected into the 
Internal tissue 1n a molten state. Once the material is Injected, it 
cools to body temperature and hardens to a soft pliable solid 

10 material. The material eventually dissolves over time and is 

absorbed into the surrounding tissues. Unfortunately, this material 
has several disadvantages. The hydrogenated vegetable oil or animal 
fat 1s not well suited for retention in a periodontal pocket, which 
1s not an Internal tissue but has a large opening that communicates 

is with the exterior environment. At body temperatures, hydrogenated 
vegetable oils and animal fats are extremely soft and pliable and 
have a tendency to flow. There is a natural tendency for gun tissues 
surrounding the roots of teeth to exert pressure thereon. As a 
result, the soft pliable fats and oils can be quickly squeezed out 

20 through the opening of the periodontal pocket. This condition ts 
exacerbated by normal patient activity such as chewing and 
swallowing, resulting in the material being squeezed out of the 
pocket before the drug delivery regimen can be completed. 
Additionally, the materials of Bucalo must be absorbed Into the 

zs surrounding body tissue, which greatly limits the "choice of materials 
that can be used. 

Wahllg et al. In U.S. Patent 4353,225 describe polysaccharide 
Implants which can be liquids at temperatures above body temperature 
and gels at body temperature. However, polysaccharides are a natural 

30 food source for bacteria, thus providing a substrate for bacterial 
growth. As a result, compositions comprising polysaccharides are not 
good choices for use in a body tissue pocket open to the environment, 
particularly to pockets 1n the mouth where large numbers of bacteria 
are continuously being Introduced. Additionally, the viscosities of 

35 gellated polysaccharides are relatively low, and polysaccharide 
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Implants would tend to flow or be squeezed out through. the opening of 
a body tissue pocket. 

Dunn et al. In U.S. Patent 4,938,763 describes biodegradable 
polymeric Implants that are formed 1n«s1tu 1n the body. The polymer 

• 5 Is placed Into the animal In liquid form and cures to form the 

Implant 1n-s1tu. This Is done either by 1) a thermoplastic system 
formed by dissolving a non-reactive polymer 1n biocompatible solvent 
to form a liquid, placing the liquid within the animal, and allowing 
the solvent to dissipate to produce the Implant; or by 2) a 

io thermosetting system formed by mixing together a liquid acrylic 
ester-terminated, biodegradable prepolyner and a curing agent, 
placing the liquid mixture within an animal, and allowing the 
prepolyner to cure to form the Implant. However, these systems are 
Inconvenient to use In that they must be mixed at the time of 

is Implantation, resulting in additional steps and extra time for the 
doctor or technician, and then must be placed immediately into the 
pocket before the polymer cures and solidifies. 

Thus, there has been a need in the art for a drug delivery 
platform which can be quickly and easily placed in a tissue pocket, 

to such as a periodontal pocket; which Is not easily expelled from the 
pocket by physiological conditions such as fluid flow or normal 
patient activities, such as chewing and swallowing; and which erodes 
In-situ within the pocket. 

* SVfflARY OF THE, INVENTION 
Accordingly, It is an object of the present Invention to 

provide a drug delivery device which 1s effective to deliver a drug, 
such as an antibiotic, into a diseased tissue pocket, such as a 
periodontal pocket. 

30 It Is a further object of the present Invention to provide a 

delivery device which can be easily and quickly Inserted into a 
diseased tissue pocket by a medical technician and which requires no 
follow-up ivislt to remove the device.-- * 

It Is yet another object of the present Invention to provide a 

35 delivery device which will remain in a diseased tissue pocket, such. 
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as a periodontal pocket, for an extended period of time without being 
expelled. 

These and other important objects are met by the present drug 
delivery device and method. The drug delivery device comprises a 
s drug-containing matrix material which when placed In a diseased 
tissue pocket releases the drug at a therapeutically effective rate 
over a predetermined drug delivery period. The matrix material 1s 
heated to a physiologically compatible elevated temperature to soften 
the material to a point where 1t becomes flowabie and can be Injected 

10 Into a biological pocket. Once the drug-containing matrix material 
Is introduced into the pocket, the material quickly cools into a 
less- or non-flowable drug-containing matrix that Is retained within 
the pocket. Because of the flowabllity Imparted by heating, it 1s 
often not necessary to Incorporate a plastlcizer into the matrix to 

is make 1t flowabie. 

Once Injected into the biological pocket, the matrix cools 
rapidly to the body temperature of the host animal. At this 
temperature, the viscosity of the matrix is sufficiently high that 
the matrix Is not displaced by the crevlcular outflow or by normal 

20 patient activity such as chewing and swallowing. 

Where the matrix material Is bloerodlble, usually at a point at 
or after completion of the treatment period the matrix material will 
bloerade, that is, it will break down over a period of time from a 
unit structure into small harmless subunlts that can be expelled from 

zs the biological pocket. Where the matrix material is non-b1oerodlble, 
the matrix will be removed from the tissue pocket after the specified 
treatment period Is completed. 

The method of the present Invention is particularly useful to 
heat b1gh-vlscos1ty polymer formulations so that the viscosity drops 

30 in response to heating and softens to produce a flowabie, injectable 
formulation which returns to Its higher viscosity upon cooling to the 
temperature of the biological pocket. The formulation cools to a 
more viscous consistency with sufficient coheslveness to be 
retainable In the biological pocket (possibly with the addition of a 

3$ biocompatible adhesive), unlike gels or solutions or other fluids. 



SENT BY: 



10- 3-95 ; 10:43AM : 



REEDFAX- 



2123822124: #10 



W »"W PCT/US91/07922 



According to a preferred embodiment of the present Invention, 
the diseased biological pocket comprises a periodontal pocket and the 
drug comprises an antibiotic- The matrix material is preferably a 
bloerodlble hydrophobic polymer selected from polylactic acid, 
5 polyglycollc acid, copolymers of lactic add and glycol 1c acid, 
polylactlde-co-glycerate, polyglycolide-co-glycerate, and 
poly (orthoes tars). 

The terra "physiologically compatible elevated temperature" as 
used herein means a temperature that is close to but above the 

w natural body temperature of the animal receiving the device and that 
will not normally cause damage to the tissues at the site of 
implantation. For example, in humans, a physiologically compatible 
temperature 1s generally between about 38* and about S5;c, preferably 
between about 38 # and 45'C and most preferably within several degrees 

is of body temperature (e.g., about 38-4W). 

The terms "tissue pocket" and "biological pocket" refer to a 
naturally occurring pocket in the body of an animal having an opening 
to the external environment. 



» BRIEF DESCRIPTION OF TUP n»Aui % 

FIG. 1 Is a side view, shown partly In section, of a diseased 
periodontal pocket and Illustrates a preferred method of placing the 
drug delivery device of the present Invention Into a periodontal 
. pocket. 

25 FIG.; 2 graphically Illustrates the in vitro release at 37'C of 

tetracycline HC1 over time from three polylactlc/polyglycolic (PLGA) 
copolymer formulations of the invention. 

FI6. 3 graphically 111 st rates the in vitro release at 37'C of 
metronidazole over time from three poly (ortho Jester formulations of 
30 the invention. 

FIG. 4 graphically illustrates the in vitro release at 37 # C of 
chlorhexldlne diacetate over time from two poly(ortho)ester 
formul ations of .the Invention. 



SENT BY: 



10- 3-95 ; 10 :43AM ; 



REEDFAX- 



2123822124 



WO 92/07555 _ 

PCT/US91/07922 



PETAILEO OFSCRTPTIOn nr m ]mm] ^ . 

A preferred method of placing the drug delivery device of the 
present invention into a periodontal pocket is shown in FIG. 1 The 
periodontal pocket 1s designated by the numeral 12 and comprises a 
cavity formed between a tooth 14 and the adjacent gum l«. As the 
diseased condition progresses, the pocket 12 progressively deepens 
along the root 16 of tooth 14. Wltho'uT treatment, the gum 18 will 
progressively detach from the root 16 and allow bacteria to reach the 
root 16 until the tooth is loosened and eventually lost. 

In order to treat the diseased periodontal pocket 12, an 
antibiotic-containing matrix material 10, which material has been 
heated to a physiologically compatible elevated temperature so that 
it is initially in the form of a viscous fluid, is injected into the 
pocket 12 using a syringe 20. The syringe 20 comprises a. cartridge 
21, a sliding plunger 22 and a hollow needle 24 having a length 
suitable for reaching the periodontal pocket 12. Typically, needle 
24 will have an inner diameter 1n the range of from about 0.2 to 
about 1.5 mm. 



10 



15 



In order for the material 10 to be Injected through the hollow 
*o needle 24, It should have a dynamic viscosity of less than l x 10* 
poise (at 0.1 radian/sec), and preferably less than about 5 x 10 5 
poise (at 0.1 radian/sec), when measured at a physiologically 
compatible elevated temperature. However, once the material 10 is 
introduced into the periodontal pocket 12, it Is desirable for the 
as material 10 to set up or solidify in order to Insure that it 1s not 
washed out by the crevicular fluid flowing out of pocket I*. That " 
is, 1t should have a dynamic viscosity, at the body temperature of 
the periodontal pocket, of greater than about 1 x 10* poise (at 0.1 
rad1an/sec) and preferably greater than about 5 x 10* poise (at 0 1 
so radian/sec). 

The drug-containing matrix materials of the present invention 
are flowable (that Is, the material can be poured into a container 
and will conform to the shape of the container) when the material is 
heated to a physiologically compatible elevated temperature and less- 
35 to non-flowable (that is, the material sets up and will not easily, 
flow out of the container) when the material Is at the body 
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temperature of the host animal. The drug-containing materials used 
in the present invention should preferably have a viscosity which is 
sufficiently low when heated at a physiologically compatible elevated 
temperature to allow the material to be Injected using a syringe when 
s the material is at such elevated temperature but which 1s 

sufficiently high at body temperature to remain In the biological 
pocket. Additionally, the viscosity at body temperature should not 
be so high that the material is very hard and brittle, causing 
discomfort to the host and possible damage to the surrounding 
10 tissues. It has been found that those materials having a dynamic 
viscosity of less than about 1 x 10* poise at 0.1 radlari/second are 
sufficiently low 1n viscosity to be Injected with. a syringe. Thus, ]\ 
the materials chosen as the matrix 1n the present Invention must have 
a viscosity less than about 1 x 10* poise at 0.1 rad/sec when heated 
is to a physiologically compatible elevated temperature and greater than 
about 1 x .10* poise when at body temperature. 

The matrix material 10 Is biocompatible (e.g., it should not be 
toxic or otherwise cause adverse tissue reactions) and can be either 
bioerodlble or non-bioerodlble. The term "bioerodible* is used 
zo herein to mean materials which are broken down Into Innocuous low 
molecular weight species by substances found In the body, such as 
water, enzymes or bacteria, and then excreted by the body. The 
matrix material 1s also non-toxic, non-carcinogenic, and causes no 
adverse Immunologic response. 
25 The bioerodlble matrix material is typically a natural or 

synthetic hydrophobic polymer, although cross-linked hydrophWc ' 
polymers aire generally suitable for th,e, purposes of the present 
invention. The polymer should be able to maintain its structural 
Integrity for at least about S days after placement in a tissue 
30 pocket, and preferably for at least about 10 days after placement 1n 
a pocket. • 

Representative natural bioerodlble materials include naturally 
occurring polymers such as cross-linked collagen, agar-agar, cross- 
linked gelatin, glycerin, polysaccharides and sugar phosphates. 
35 Examples of bioerodlble synthetic polymers include poly (lactic 

acid) and polyglycolic acid, or their derivatives; polylactides; 
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polyglycolides; copolymer, of lactldes and glycolides; pdlylactlde- 
glycerate; polyglycollde-co-glycerate; polyamides; pollsters; . 
Poly(ortho}esters; polycaprolactones; polyanhydrldes; pyrrolldones 
e.g.. aethylpyrrolidone); and cross-finked cellulosic polymers 
(e.g., carboxymethyl cellulose). Mixtures and combinations of these 
may also be used. 

One: preferred type of bloerodlble synthetic polymer comprises 
poy(orthoesters). Suitable poly(orthoester) polymer matrices for 
delivering a drug to a diseased tissue pocket, and methods for making 
such matrices, are disclosed In U.S. Patent Nos. 4,066 747- 
4,070,347; 4,093,709; 4.119,579; 4,131,648; 4,136,252; 4,138,344; 
4 155 740; 4,155,992; 4,180,646; 4,186,185; 4,322,323; and 4,346,709;: 
the disclosures of which are Incorporated herein by reference. 
Especially useful poly(orthoester, polymers are those available from 
ALZA Corporation (Palo Alto, CAJ under the trademark Alzamer* and can 
include homopolymers. as well as copolymers and mixtures or blends of 
two or more poly(orthoesters) . Presently preferred poly(orthoester) 
polymers are poly(2,2-d1oxocycloheXanedi«etbylene tetrahydrofuran) 
( POE-1') and polymeric mixtures or blends of poly(2,2- 
dloxocyclohexanedimethylene tetrahydrofuran) ("POE-1") and poly(2 2 
dloxohexamethylene tetrahydrofuran) ("POE-2"). 

A homopolymer of POM of high molecular weight possesses a 
high viscosity, whereas POE-1 of lower molecular weight will be of a 
lower viscosity. POE-1 homopolymers for use 1n the present Invention 
are, therefore, chosen from those with molecular weights falling 
within the range that win give the desired viscosity for the 
practice of the invention. Alternately, high and low molecular 
weight POE-1 polymers may be combined to provide mixtures having the 
desired viscosity. By high molecular weight is meant POE-1 of about 
30,000 to greater than 60,000 Hw, and by low molecular weight Is 
■eant POE-1 of about 2,000 to about 10,000 Hw. 

The matrix material of the present invention additionally can 
be selected from physical mixtures of POE-l and POE-2, block 
copolymers Of POE-l.and POE-2, and random, cbmpolymers, of POE-1 and 
POE-2. There are several methods of preparing such matrix materials. 
The two different polymers can be physically mixed together after 
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polymerization (physical mixture); they can be physically mixed 
together as low molecular weight block polymers and-then polymerized 
further (block copolymers); or segments of the two polymers, I.e. the 
dlol fractions, can be mixed In the desired ratio and be reacted 
s together with dlethoxytetrahydrofuran and polymerized (random 
copolymers). These methods are explained 1n detail in the above 
referenced patents. 

It has now been found that polymeric mixtures or blends 
(physical mixtures) of poly(orthoester$b «d particularly of POErl 
io and POE-2 poly(orthoesters), offer an Important degree of flexibility 
1n choosing the viscosity characteristics of a polymer matrix. 
Addition of POE-2 to POE-1 will lower the viscosity of the blend from 
that of the P0E-1 alone. Thus, by varying the ratio of POE-1 to POE 
2 in a polymer mixture, the viscosity of a formulation can be 
is controlled. The P0E-1/P0E-2 polymeric mixtures can contain from 
about 10 to 90 wtX POE-1 units and from about 90 to 10 wtX POE-2 
units. For example, a blend of the two polymers 1n a 90:10 POE- 
l:P0E-2 ratio will be highly viscous and 1s formed into the desired 
shape by extrusion or melt pressing, whereas a blend of 10:90 POE-1 
to POE-2 will be of low viscosity and can be injected at room 
temperature. Preferably, in the practice of the present Invention, 
the ratio is of from about 25:75 to about 75:25 of POE-1 to POE-2, 
and more preferably It is from about 40:60 to about 60:40. In the, 
same manner, blends of high molecular weight (Mw) POE-I and low 
zs molecular weight (Mw) POE-1 in varying ratios may be formed to 

provide the desired viscosities. The range of high Mw to Tow Mw POE- 
1 is from about 90:10 to 10:90, preferably from about 25:75 to about 
75:25, and more preferably from about 30:70 to about 50:50. Thus, it 
Is possible to provide a range of disease therapy platforms by a 
careful choice of the appropriate weight ratio of po1y(ortho)ester 
polymers. However, at the same time, the polymer matrix must not 
only be of a flowablllty that is suitable for Injection Into a 
periodontal or other biological pocket at Injection temperature but 
also of a viscosity that allows the matrix to remain within the 
as pocket at pocket temperature for an extended period of time without 
being expelled. These two contradictory physical requirements 
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necessitate a very careful choice of - the particularity of P0E-1 to 
POE-2, or of high Mw P0E-1 to low Mw P0E-1, In the poller matrix 
blend. 

Poly(lactlcacld). poly(glycol1c add) and copolymers of lactic 
and glycollc acid are also preferred biodegradable polymers for use 
in this Invention. 

Useful poly(lact1c acids) Include both homopolymers of lactic 
acid and/or lactldes and copolymers of lactic add (and/or lactldes) 
and glycollc acid (and/or glycolides). Particularly preferred 
copolymers contain from about 25 to 75 molX lactic add units and 
about 25 to 75 molX glycollc add units. Usually, poly(lact1c adds) 
are prepared from the cyclic esters of lactic adds. Both L(+) and ' 
D(-) form* of lactic acid nay be used to prepare the poly(lact1c 
add) as well as the optically inactive DL-lactic add mixture or anv 
desired mixtures of O(-) and L(+) lactic acids. ' 

Lactic add copolymers provide flexibility in choosing the life 
of a polymer matrix since this can be controlled through the amount 
and type of comonomer used. Some Illustrative examples of suitable 
comonomers include glycollde, glycerate, 0-proplolactone, 
tetramethylglycollde, *-butyrolactone. tetramethyl glycollde. /J- 
butyrolactone. 7-butyrolactone, piyalolactone, and Intermolecular 
cyclic esters of a-hydroxybutyrlc acid, m-hydroxyisobutyric add, a- 
hydroxyvalertc add, a-hydroxyisovalertc acid, *>hydroxycaproic ad*,. 
«-hydroxy-tt-ethylbutyr1c acid, o-hydroxyisocaproic acid, «-hydroxy-/?- 
nethylvalerlc add, a-hydroxyheptanolc add, «-J»ydroxyoctano1c add, 
a-hydroxydecanolc acid, m-hydroxymyristlc acid, a-hydroxystearlc 
add, a-hydroxylignoceMc acid, and a-phenyllactic add. A presently 
preferred copolymers Is polylact1de-co-glycol1de. 

Pelyrjactic adds) are well known in the art and methods of 
preparing poly(lact1c adds) are well documented in the literature! 

found to possess excellent 
biodegradable properties. Poly(glycol1c add) is the homopolymer of 
glycollc acid (hydroxyacetic acid). In the conversion of glycollc 
acid to poly(glycolic add), glycollc add is initially reacted with 
Itself to form the cyclic ester glycollde which, in the presence of 
heat and a catalyst, Is converted to a high molecular weight linear- 
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chain polymer. Poly(glycol1c acids) and their properties are well 
known In the art. Glycol 1c add copolymers may be prepared utilizing 
suitable comonomers such as lactlde and those listed above with 
reference to lactic add copolymers, 
s Various non-bloerodlble polymers may be utilized, as the matrix 

material In the present Invention. The basic requirements are that 
the viscosity of the polymer fall within the appropriate range at 
body temperature and at a physiologically compatible temperature and 
that the material be biocompatible in the environment of use. When a 
10 nonerodlbie material Is used as the matrix, it 1s necessary for the 
implant to be removed from the tissue pocket after the drug has been, 
dispersed from the matrix. 

Thedrug Incorporated into the matrix material of the present 
Invention ; may be of various types such as antibiotics, anti- 
is Inflammatory drugs, local anesthetics and anti-carles agents, for 
example. When the material is injected Into a diseased periodontal 
pocket, the drug typically comprises an antibiotic. The antibiotic 
may be of various types. For example, useful antibiotics include, 
but are not limited to, tetracyclines, penicillins, cephalosporins, 
to oxytetracycllnes, chlorotetracycllne, minocycline, metronidazole,, 
chloramphenicol, chlorhexidlne, streptomycin, neomycin, doxycycline, 
qulnollnes (e.g., qulnollne sal IcylateT qulnollne tartrate), 
macrolides (e.g., erlthromycin, streptomycin), ciprofloxacin,, 
sulfonamides, phenol 1cs, mercurials, quaternary ammonium compounds, 
25 chlorhexidlne, and mixtures thereof. In addition to mixtures of two 
or more antibiotics, mixtures of an antibiotic with another drug may 
also be used, such as, for example, an antl- Inflammatory drug such as 
aspirin, sal Icyl amide, naproxen, Indomethacin, fenoprofen, 
Indoprofen, Ibuprofen, carprofen, and diclofenac; local anesthetics 
ao such as Udocalne, novocalne, buplvacaine, and procaine amide; or 
anti-carles agents such as sodium fluoride. 

The amount of drug that Is present m the delivery device, and 
that 1s required to achieve a therapeutic effect, depends on many 
factors, such as the particular drug selected, the minimum necessary 
35 dosage of the drug, the permeability of the matrix material to the, 
drug, the rate of erosion of the matrix, and the period of time for 
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which the drug 1$ to be delivered 1n the pocket. Generally, the 
amount will vary, for example, from about 1 to abodt 60% by weight, 
preferably from about 10 to about 40 wtX, and more preferably from* 
about 15 to about 30 wtX. The minimum amount of each drug 1s 
determined by the requirement that sufficient quantities of drug must 
be present In the device to maintain the desired rate of release over 
the given period of application. The drug may be soluble or mlsdble 
1n the matrix material, although this is not absolutely required so 
long as the drug Is slowly released from the material over the 
desired period of time. When treating periodontal pockets having a 
pocket size of about 50 microliters, for example, It 1s. preferable to 
place a delivery device therein which contains from about 2 to about 
50 mg of a drug such as an antlbiotlcf 'Preferably the drug Is 
uniformly distributed in the matrix material. 
« After placement m the biological pocket, the drug 1s slowly 

released from the matrix material Into the pocket so as to maintain 
an effective concentration of the drug In the pocket for the desired 
period of time. The drug Is releasably contained In the matrix 
material in a manner such that the drug is slowly released from the 
material into the biological pocket. The drug slowly releases from 
the matrix material In a manner such that an effective concentration 
of the drug in the pocket is maintained for a predetermined period of 
time, such as, 1n the case where the drug is an antibiotic and the 
pocket 1s a periodontal pocket, for a period of about 1 to about 30 
25 days, preferably about 7 to 21 days. In this Banner, the antibiotic 
reduces periodontal pathogenic bacteria (such as Baeterqldles 
ginglvtlis and many other types of bacteria) and also reduces 
Inflammation. This Is much«ore effective than a simple application 
of antibiotic alone to the pocket. The amount of antibiotic placed 
1n a pocket can be determined so that the desired amount Is released 
over the desired time period. 

The delivery device of the Invention may also optionally 
include an amount af a plasticizer to alter the viscosity of the 
matrix material so that 1t falls within the range required by the 
35 present Invention. Whether a plasticizer is Included will depend on 
the matrix material that Is used. For example, when certain 
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copolymers of lactic acid and glycol 1c acid are used, it 1s desirable 
to Include a plasticizer to keep the material from becoming too hard 
and brittle after It has cooled to body temperature. On the other 
hand, a plastlcizer is often not required when mixtures of 

•5 poly(orthoesters) are utilized as the~matr1x material. Suitable 
biocompatible plastlctzers include, but are not limited to, trlethyl 
citrate, acetyl trlethyl citrate, trlbutyl citrate, acetyl tributyl 
citrate, trlethyl glycerldes, trlethyl phosphate, diethyl phthalate, 
diethyl tartrate, mineral oil, polybutene, silicone fluid, glycerin, 

10 ethylene glycol, polyethylene glycol, ethyl lactate, propylene 
glycol, propylene carbonate, ethylene carbonate, butyrolactone, 
trlacetini dtacettn, ethylene oxide and propylene oxide. In 
presently preferred embodiments, the plastlcizer Is chosen from 
trlethyl citrate and propylene carbonate. When a plastlcizer is 

is included in the matrix material 10, It 1s generally present in an 
amount of from about 5 to about 30 wtX, preferably from about 7 to 
about 20 wtX. 

In addition to the drug and, optionally, a plastlcizer, the. 

matrix may also contain drug release-rate regulating agents, dyes, 
zo pigments, inert fillers, stabilizers, 'Recipients and other 

conventional components of pharmaceutical products or polymeric 

systems known to the art. 

The devices and methods of the present Invention are useful 

generally for the treatment of periodontal infections such as 
25 periodontitis and Irritated gums such as gingivitis. These diseases 

occur below the gingival margin In the periodontal pocket dr along 

the gum line. 

The drug delivery devices described herein are In the form of a 
gel or viscous fluid when at a physiologically compatible elevated 

ao temperature which allows Insertion or Injection into the periodontal 
pocket by means of a syringe, and are in the form of a more viscous, 
less- to non-flowable mass which will remain In the periodontal 
pocket when at the body temperature of the host animal . Heating to 
the desired elevated temperature may be effected by a number of 

ss methods and sources of heat, such as a hotwater bath, a hot plate, an 
oven or a microwave oven. The matrix material may be heated prior to 
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Placing ft In an Injection device or after such placement. In one 

rr? eth :v f the invention « the ^jl* 

he se of an Injection device such as a syringe or a trocar which 

In ^ t0 conta1n th « ~trix material and a, 

wans of applying controlled pressure to the material in the 

compartment, such as a piston or plunger, to eject the material 
through a needle Into the site of treatment. Examples of heated 
syringes are included in U.S. Pat. 4,030,499. In use. the matrix 
material is placed into the compartment, which compartment is then 
heated ^electrical or other B9 ans for a period of time until the 
materia ha$ reached the dfls1njd and yiscos1ty ^ 

i$ then applied by hand or through mechanical means to eject the 
heated material Into the treatment site, such as a periodontal 
pocket. The needle Itself may or may not be heated as well. When 
the needle is not heated, the temperature to which the material 1s 
heated in the compartment may be greater than the desired application 
temperature to compensate for any cooling that takes place as the 
material is transported through the unhealed needle to the treatment 

The injection procedure can be performed rapidly and 
efficiently. The material penetrates to the bottom of the 
periodontal pocket so that the anaerobes in the pocket are exposed to 
the antibiotic as it is released. No strings, fibers or films are 
used which must be stuffed into a pocket. When the material Is 
bloerodlble, the dentist does not have to remove the material aftei 
the antibiotic has been released in ^periodontal pocket. 

Another advantage of the delivery device of this invention is 
that It is injected Into the diseased pocket in softened, flow.ble 
form, so that it completely fills, and therefore conforms exactly to 
the shape of, the pocket. An adhesive material may be added if 
desired, to assist in holding the device .In place within the pocket. 
After cooling to body temperature, the matrix material sets up and 
remains In the periodontal pocket and is not dislodged by crevicular 
fluid flow *r by normal patient activities such as chewing and 
35 swallowing.: * 



20 



25 



30 



SENT BY: 



10- 3-95 :10:46Aai 



REEDFAX- 



2123822124 :#20 



10 



IS 



WO 92/07555 PCT/US91/07W2 



17 

The Injectable matrices of the present invention may be used to 
treat biological pocket sites 1n the human body other than a 
periodontal pocket. For Instance, the matrices of the present 
Invention may be inserted within the sacs defined by the surface of 
the sclera of the eyeball and the conjunctiva of the eyelid. The 
matrices of the present Invention may be Introduced Into the eye sacs 
from a conventional eye drop bottle, for example. Any of the drugs 
used to treat the eye and surrounding tissues can be Incorporated 
into the matrix materials adapted for Insertion Into the ocular sacs. 
Also, it is practical to use the eye and surrounding tissues as a 
point of entry for systemic drugs or antigens that ultimately enter 
circulation In the blood stream, or enter the nasopharyngeal area by 
normal routes, and produce a pharmacologic response at a site remote 
from the eye. Thus, drugs or antigens which will pass through the 
eye or the tissue surrounding the eye to the blood stream or to the 
nasopharyngeal or the esophageal areas, but which are not used in ' 
therapy of the eye Itself, can be incorporated 1n the. matrix adapted 
for insertion in the eye sacs. 

Suitable drugs for use in therapy of the eye with the ocular 
Insert of this invention consistent with their known dosages and uses 
are, without limitation, antibiotics such as tetracycline, 
chlortetracycllne, bacitracin, neomycin, polymyxin, gramicidin, 
oxytetracycllne, chloramphenicol, gentamycin, and erythromycin; 
antibacterial s such as sulfonamides, sulfacetamide, sulfametMzole 
zs and sulflsoxazole; antivlrals, including Idoxurldine; and other 
antibacterial agents such as nltrofurazone and sodium propionate; 
antlallergenics such as antazollne, methapyriline, chlorpheniramine, 
pyrtlamlne and prophenpyrldamine; ant1-1nflammator1es such as 
hydrocortisone, hydrocortisone acetate, dexamethasone, dexamethasone 
30 21-phosphate, fluocinolone, medrysone, prednisolone, 

methylpredehlsolone, predlsolone 21-phosphate, prednisolone acetate', 
fluoromethalone, betamethasone and triamcinolone; decongestants such 
as phenylephrine, naphazollne, and tetrahydrazollne; miotics and 
anticholinesterases such as pilocarpine, eserine salicylate, 
as carbachol, di-lsopropyl fluorophosphate, phosphollne Iodide, and 
demecarlum bromide; mydriatics such as atropine sulfate, 
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cyclopentolete, homatroplne, scopolamine, tropicamlde, eucatropine 
and hydroxyamphetamlne; and sympathomimetics such as" epinephrine 

The matrix materials of the present Invention can also be used 
as an intravaglnal drug delivery device. The heated matrix materials' 
5 of the present invention can be introduced into the vagina using a 
syringe, a squeeze bottle or similar device. Once injected, the 
matrix material cools to body temperature and solidifies. Such »• 
delivery platform is greatly preferred to the Intravaglnal creams and 
ointments known in the prior art wh1ch"have a tendency to flow out of 
io the vagina during use. 

The matrices adapted for placement in the vagina may 
incorporate a number of drugs, including antibiotics and antifungal : 
agents, for treating local and/or systemic conditions. 

Polymeric matrices can be designed which have a wide variety of 
is drug exudation rates and biodegradabil ity. Bioerodible matrices can 
be synthesized to have lives shorter than, equal to or longer than * 
the period of effective drug delivery. For shorter matrix lives 
drug delivery will be accomplished by a combination of drug exuding 
from the matrix and matrix blodegradation; for longer matrix lives 
the rate of drug delivery will be substantially dependent on only 
drug exudation from the matrix. 

The molecular weight of poly(lact1c acids) and polyglycolic • 
add are closely related to both the rate of exudation of drug from 
the matrix and the rate of blodegradation' of the matrix. It has been 
ts found that high molecular weights, i.e. Mw - 15,000 or higher, result- 
in polymer matrices which retain their structural integrity for 
longer periods of time; while lower molecular weights, i.e. Hw . 
10,000 or below, result in a shorter matrix life. 

Crystalimity also affects the exudation and biodegradabil ity 
rates. Polymer matrices having higher degrees of crystallimty have 
slower exudation rates and slower biodegradabil Ity. It 1s known of 
course r that crystalUnity has a marked effect on physical 
properties. See, Flory, PrineinTp. of p olviner rh»n,i«f rV | 5tn 
printing, (1966), at pages 49 sLjso, it has also been reported In 
the literature that gaseous- diffusion through polymeric membranes is 
slower, in general, for those polymers having higher degrees of 
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crystalllnity than for those with lower degrees of crystal! in ity. 
See, Michaels and 81x1 er, "Flow of Gases through Polyethylene and 
Rubbery Polymers", J. Polv s C i.. 50:413-439 (1961). 

The rate at which drug Is released from the bloerodible matrix 
s material can be controlled by choosing appropriate molecular weights 
and degrees of crystal! Inity of the polymer matrix. For example, if 
it is desirable to release drug into the pocket over a relatively 
long duration (e.g., 10 to 30 days), a high molecular weight polymer 
formed from a pure optical Isomer of lactic acid can be used for the 
10 matrix. Oh the other hand, If a more rapid release rate over a 
shorter duration (e.g., 1 to 10 days) is desired, a low molecular 
weight lactic add copolymer having a lower degree of crystallinlty • 
can be synthesized for use as the polymer matrix. It is- also known 
that the rate at which drug Is released from the matrix can be 
is adjusted by varying the temperature or'ofher conditions of matrix' 
fabrication. Those skilled in the art wiTl know or be able to 
determine by routine experimentation m?ny suitable combinations of 
molecular weights, degrees of crystalllnitles, copolymers and 
mixtures polymeric matrix materials, and matrix fabrication 
20 parameters such as the degree of plastlcization to accomplish a 
desired release rate and duration. 

The amount of drug released from the matrix material will 
depend to a great extent on the amount of drug- containing material 
which can be injected into the pocket. The amount of matrix material 
as which can be Injected Into the pocket will in turn depend upon the 
size of the pocket. For example, assuming a periodontal pocket 
volume of 50 fil and further assuming that the pocket can be 
completely filled with an antibiotic-containing matrix material, the 
antibiotic is preferably released from the matrix materia! at a rate 
30 in the range of about 0.1 to about 2 og-per day. A rate of about 0.2 
to about 1 mg per day Is more preferred. If necessary, a drug 
re! ease- regulating agent such as sodium chloride, malelc anhydride or 
xylltol can be added to assist 1n regulating the rate of release of 
the antibiotic. In the case of antibiotic delivery to a periodontal 
35 pocket, the antibiotic is preferably released from the matrix 

materia! over a period of from about I to 30 days, more preferably 
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about 7 to 21 days, most preferably about 7 to 14 days. Since 

1Z1T Pla " d 10 * per " don ™ P"ket can actually induce 

eriodontal disease, it is preferable In the practice of this 

Invention to use a bioerodlble material as the matrix material, and 
. s it is also preferred that the bioerodlble matrix material should. 

erode as soon as possible after the drug delivery regimen 1s 

completed However, it 1s permissible Tor the bloerodible material 

to take a longer time period to be eroded. 

The delivery device of the invention Is useful in both animal 
io and human subjects. Examples of animal subjects include dogs, cats 

and other animals (e.g., monkeys) which may be affected by eye and/or 

periodontal disease. - 

illu^ w7 de11VCry d6ViCeS ° f the Present 1nvent «>" ^rther 
Illustrated by means of the following examples. These examples are 

« merely Illustrative of the present invention, and they should not be 
considered as limiting the scope of the invention 1„ any way, as 
these examples and other equivalents thereof will become apparent to 
those versed 1n the art in light of the present disclosure the 
drawings and the accompanying claims. 

Into a 50 ml glass beaker was added 62 wt* of a copolymer of 
lactic acid and glycollc add (PLGA) , comprising 50 molx lactic acid 
un ts and 50 mol* glycollc add units and having an average molecular 

» weight of 7,000. Also added to the beaker was 18 w« of 11 gold 
tdethyl curate (Citroflex 2*) and 5 wtX of sodium chloride. The 
mixture was heated to a temperature of 50"C and stirred for 5 
minutes. Then, 15 wtX of tetracycline HC1 was added to the mixture 
and stirred for an additional 5 minutes. The dynamic viscosity of 

a* the resulting formulation at various temperatures was measured (at 
0.1 radian/sec) using a Rheometrics* model RM5-800 and are presented - 
in Table A. 
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TABLE A 

Dynamic Viscosity at o.] adlan&fic 



$ 


Example 


35IL 


_40'C 




- SO'C . 




1 


5 xlO* 


2.5x10* 


1 XlO* 


5 XlO 5 




2 


1.5x10 s 


6 xlO* 


2.5x10* 


1.5x10* 




3 


5 xlO* 


1 XlO 5 


8 xlO* 


4 xlO* 




4 


1.6x10* 


4 xlO 5 


1.5x10 s 


6 xlO* 


10 


5 


4 xlO* 


1 XlO* 


3 XlO 5 


1.5x10 s 




is 


3 xlO 5 


2 xlO 5 


1.8x10 s 


1.5x10 s 




7 


6 xlO 5 


4.5x10 s 


4 xlO 5 


3.5x10 s 




6 


1.5x10* 


8 xlO 5 -^ 


7 xlO 5 - 


- 4.5x10 s 




? 


2 xlO* 


1.5x10* 


1 XlO* 


9 xlO 5 


IS 


10 


3 xlO* 


1.5x10* 


5.5X10 5 


2.5x10 s 




11 


2 xlO* 


8 xlO 5 


4 xlO 5 


2.5x10 s 



EXAMPLES g-S 

*o Following the procedure of Example 1, with the exception that 

the ratios of the PL6A to triethyl citrate are varied, the four 
formulations under Table B were prepared. The bioerodlble material 
comprised the same copolymer used In Example 1. The dynamic 
viscosity of the formulations was measured (at 0.1 radian/sec) and 1s 

25 shown 1n Table A. 

TABLE B 



Examble 


PL6A 
MSI 


Triethyl 
citrate 
- (wtfl). 


Tetracycline 
HC1 

(WW ,. 


.M?l 


2 


65 


15 


15 


5 


3 


68 


12 


15 


5 


4 


70 


10 


15 


5 


5 


72 


8 


15 


5 
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To a beaker under an N, environment was added 4.5 <g of high 
molecular weight POE-1 poly(orthoester) polymer (Mw - 50,000) and 5 5 
9 of POE-2 poly(orthoester) polymer (Mw'« 35,500). The mixture was' 

o^r*,"? ^ $eVeral WlnUte$ t0 9iVe a 45/55 rati0 »"^ture of 
P0E-1/P0E-2 polymer blend. The dynamic viscosity of the resulting " 

formulation was measured as in Example 1, and the results are shown 
in Table A. 
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PtoHPlES 7-? 



Following the procedure of Example 6, three polymeric 
formulations comprising different ratios of POE-1 to POE-2 as shown 
In Table C, were prepared. Their dynamic viscosities were 'measured, 
as In Example 1, and are presented in Table A. 



TABLE ^ 

Example poe*?, . roc? 

7 50 5Q 

8 55 45 

9 60 40 



EXAMPLE IP 

Following the procedure of Example 6, 5.0 g of high molecular 
weight P0E-1 (Nw - 55,000) and 5.0 g of low molecular weight POE-1 
(Mw - 3,200) were combined together to give a 50/50 polymeric 
mixture. The dynamic viscosity of the polymer was measured as in 
Example 1, and the results are presented in Table A. 

EXAMPLE 11 

Following the procedure of Example 6, 8.0 g of high' molecular 
weight POE-1 (Mw . 55,000) and 2.0 g of^opylene carbonate were 
combined together to give a formulation with a ratio of 80/20 ClOlct 
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to propylene carbonate. The dynamic viscosity of the resulting 
polymer was measured and Is presented In Table A. . 

EXAMPLE U 

The In vitro release of tetracycline HC1 at 37'C over time from 
the PL6A formulations of Examples 3, 4 and 5 was determined as 
follows. : 

0.5 Grams of the formulation to be tested was placed In a glass 
container, together with about 100 mL of distilled water. The jar 
was placed In a 37*C water bath, after^which samples, of the distilled 
water were taken at regular Intervals and replaced with new water. 
The drug content 1n each water sample was analyzed by UV 
spectrophotometry at 357 nm. The results are shown In FIG. 2. 



10 



" EXAMPLE 13 

In a beaker, 48 wtx of high molecular weight POE-1, 32 wtx of 
POE-2, 20 wtx of metronidazole and 0.25 wtx of sodium carbonate (a 
stabilizer) were stirred together at 100«C for 20 minutes. The in 
vitro release of metronidazole from the resulting 60/40 P0E-l:P0E-2 
polymeric matrix at 37'C was observed, following the procedure of 
Example 12, and the release rate profile 1s shown 1n FIG. 3. 
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EXWPLFS 1« ^ ]fr 

Following the procedure of Example 13, the formulation of ' 
Example 13 was repeated, except that tbej-atlo of POE-1 to POE-2 was 
changed to 55/45 (Ex. 14) or to 40/60 (Ex. 15). The In vitro release 
of the drug from these two formulations was measured and Is presented 
1n FIG. 3. 



30 EXWPLPS Ifi anrt JJ 

Following the procedure of Example 13, 42 wtX of high molecular 
weight P0E-1, 28 wtX of P0E-2, 20 wtx of chlorhexldine diacetate and 
10 w« of sodium chloride were mixed together to give a polymeric 
matrix having a 60/40 ratio of P0E-1 to POE-2 (Ex. 16). In the same 
35 manner, 36 wtX of P0E-1, 24 wtX of POE-2, 20 wtX of chlorhexldine 
diacetate and 20 wtX of sodium chloride were mixed together to give a 
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^1 X AT*k 8 Tl rat1 ° ° f P0E_1 ? m ' Z (Ex - 1" vitro 

release of the chlorhexidine d1 acetate from each of Jthese 

formulations was measured and is presented In FIG. 4. 

EXAMPLE U 

Following the procedure of Example 13, 32 wtft of high molecular 
we g t «-l (Hw - 55 ,000,, 48 wt* of low molecular weight POE-l Mw 
- 3,200), 20 wtX of metronidazole and 0.25 wt% of sodium carbonate 
were mixed together to give a metronldazole-contalnlng polymeric 
matrix having a 40/60 ratio of high Hw POE-l to low Hw POE-l. 

EXAHPLE ]9 

imw Pr ° CedUre ° f 13 ' U " tx •f M«h Hw POE-l 

(Hw - 55,000), 36 wt* of low Hw POM (Hw - 3,200), 20 wt% of 

chlorhexidine diacstate and 20 wt% of sodium chloride are mixed . 

together to give a chlorhexidine d1 acetate-cental n1ng polymeric 

matrix having a 40/60 ratio of high Hw^E-1 to low Hw POE-l. 

To 64 wtX of high Hw POE-l was added 16 wtX of propylene 
carbonate (a plastlclzer), 20 wtX of metronidazole and 0.25 wtX of 
sodium carbonate. The mixture was stirred at 37-C for 20 minutes to 
give a metronldazole-contalnlng homopolymeric matrix formulation. 

EMMPtE 21 

Following the procedure of Example 20, a chlorhexidine 
dlacetate-contatomg homopolymeric matrix foim.ul.tion is prepared by 
combining 48 wt% of high * POE-l, 12 wt% of propylene carbonate, 20 
of c »»1orhex1d1ne dlacetate and 20 wt% of sodium chloride. 
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WHAT IS CLAIMED IS: 

1. A composition for dallveHng a drug into a diseased 
tissue pocket of an animal, the composition comprising: 
s a) the drug to be delivered, In a therapeutically 

effective amount; and 
b) a polymeric matrix material containing the drugi 
the matrix material Jiejng flowable. at a 
physiologically compatible elevated temperature for 
introduction Into the pocket and less- to non- 
flowable at the body temperature of the animal for 
retention within the pocket and releasing the drug • 
Into the pocket at a therapeutically effective rate 
over a predetermined drug delivery period. 
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2. A composition for delivering a drug Into a diseased 
tissue pocket of an animal, the composition comprising: 

a) the drug to be delivered, In a therapeutically 
effective amount; and 

b) a polymeric matrix material containing the drug, 
the matrix material being flowable at a 
physiologically compatible elevated temperature for 
Introduction Into the^ppcket and .less- to non- 
flowable at the body temperature of the animal for 
retention within the pocket, being bloerodlble once 
placed in the pocket, and releasing the drug Into 
the pocket at a therapeutically effective rate over 
a predetermined drug delivery period. 

30 3 - The composition of claim 2 wherein the drug is selected 

from the group consisting of antibiotics, ant1- Inflammatory drugs, 
antifungals, anti-caries agents and local anesthetics. 
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4. The composition of claim 2 wherein the diseased tissue 
pocket comprises a periodontal pocket and the drug comprises an 
antibiotic. 
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5. The composition of claim 4 wherein the antibiotic 
dZy C S ^r raeyCltne ' Bln0CyC,1ne ' "^ronidazole.chorhexioine or 

6. The composition of claim 2 wherein the matrix material Is 
selected from the group consisting of poly(orthoesters), polylactlc 
acids, pojyglycollc acids, polylactides, polyglycolldes, and 
copolymers and mixtures thereof. 



» 7. The composition of claim 2 which further comprises a 

. biocompatible plastlcirer. 

8. The composition of claim 2 wherein the matrix material is- 
a copolymer of lactic add and glycolic acid having about 50-75% ' 

» lactic acid units and about 25-50% glycolic add units. ' 

9. The composition of claim 2 wherein the matrix material 1s 
a polymeric mixture of Po1y(2.2-dioxocyclohexanedimetbylene 
tetrahydrofuran) and poly(2,2-d1oxohexamethylene tetrahydroforan) in 

2o a ratio of from about 40:60 to about 60:40. 

10. The composition of claim 2 wherein the matrix material is 
a polymer mixture of high molecular weight poly(2,2-dioxocyclohexane. 
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^methylene tetrahydrofuran) and low molecular weight poly(2,2-d1oxo^ 
cyclohexanedimethylene tetrahydrofuran) in a ratio of from about 
25:75 to about 75:25. 



U. The composition of claim 2 wherein the matrix material is 
a homopolymer of poly(2,2-dloxocyclohexaned1methylene ' 
tetrahydrofuran) and further comprises.* jlastlclzer. 

12. The composition of claim 2 wherein the matrix material 
has a dynamic viscosity no greater than about 1 x 10* poise at 0 1 
radlan/secdnd at a physiologically compatible elevated temperature 
and a dynamic viscosity of greater than about 1 x lo 6 poise at 0 1 
radian/second at the body temperature of the tissue pocket. 
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13. The composition of claim 12 which further comprises a 
biocompatible plastldzer. 

14. A method for delivering a drug Into a diseased tissue 
s pocket, the method comprising: 

a) heating a drug-containing polymeric matrix material' 
to a physiologically compatible elevated 
temperature to Impart flowablllty to the matrix 
material; 

10 °) Introducing the flowable drug-containing matrix 

material Into the pocket; and 
c) allowing the drug-containing matrix material to • 
cool to the body temperature of the pocket, so that 
the matrix material becomes less- to non-flowable 

15 and 1s retained 1n the pocket. 

15. A method for delivering a drug Into a diseased tissue 
pocket, the method comprising: 

a) heating a drug-containing bloerodlble polymeric . 
matrix material to a physiologically compatible 
elevated temperature'to' Impart flowablllty to the 
matrix material ; 

b) introducing the flowable drug-containing 
bloerodlble matrix material into the pocket; and 

c) allowing the drug-containing bloerodlble matrix 
material to cool to the body temperature df the 
pocket, so that the matrix material becomes less- 
to non-flowable and Is retained 1n the pocket. 
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30 16 « Tne "ethed of claim 15 wherein the matrix material 1s 

Injected Into the diseased tissue pocket. 

17. :The method of claim 16 wherein the matrix material Is: 
Injected Into the diseased tissue pocket using a syringe. 

35 
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18. The method of claim 15 wherein the drug is selected f™, 
^consisting of ant1MotlcSf anti inna J£ ed from 

antifungals, anti-cades agents and local anesthetics. 

* ^ ° f c1alB XS the diseased tissue pocket 

comprises a periodontal pocket and the drug comprises an antibiotic 

20. The method of claim 19 wherein the antibiotic comprises 
tetracycline, minocycline, metronidazole, chlorhexldine or 
10 doxycycllije. 

21 The method of claim 15 wherein the matrix material is 1 
se ected from the group consisting of pVly(orthoesters), polylactic 

»s copolymers and mixtures thereof. 

furth/ 2 ' Meth ° d ° f ° Uim 15 Where1n the Batri * "twin 

further comprises a biocompatible plastlcizer. 

2J. The method of claim 15 wherein the matrix material Is a 
copolymer of lactic add and glycol* add having about 50- 5* ctic 
acid units and about 25-50* glycollc add units. 
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am*. 2 !' ^ ° f 15 " her * 1n the TOt ** is a 

polvmaric mixture of Po1y(2,2.d1oxocyclohexaned1«ethylene 

a ttTTr^ T d PO,Jr(2 ' 2 - d1 ^«*thylene tetrahydrofuran) in 
a ratio of from about 40:60 to 60:40. 

25. Th. method .f el.lB 15 «h,rem the Mtrlx wtert.l 1* , 

Bl f"™°' "* «"«■'«• «H*t P.Tytf.J-dl.x.cycl,.,.,,,,.. 
dlmthyl.™ t.tr.hyd re f«r.», »d 1„ „ )K1)Ur ^ poly{2>J . df<1)10 . 

eye o h «,„«„„tW.„. t.trahydrofur,,) ,„ . „„„ ft £^ 
25:75 to about 75:25. 
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26. The method of claim 15 wherein the matrix material is a 
horoopolymer of poly(2,2-dioxocyclohexanedimethylene tetrahydrofuran) 
and further comprises a plastidzer. 

27. The method of claim 15 wherein the matrix material has a. 
dynamic viscosity no greater than about 1 x 10* poise at 0.1 
radian/second at a physiologically compatible elevated temperature 
and a dynamic viscosity of greater than about 1 x 10* poise at 0.1 
radian/second at the body temperature of the tissue pocket. 
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28. The method of claim 28 wherein the drug-containing matrix 
material further comprises a biocompatible plastidzer. 

29. A method for forming a drug delivery device in a diseased 
is tissue pocket, the method comprising: 

a) heating a drug-containing polymeric matrix material 
to a physiologically compatible elevated 
temperature to Impart flowability to the matrix 
material; 

b) Introducing the flowable drug-containing matrix 
material into the pocket; and 

c) allowing the drug-containing matrix material to 
cool to the body temperature of the pocket, so thaf 
the matrix material becomes less- to non- flowable 

25 and 1s retained in the pocket. 

30. A method for forming a bloerodlble drug delivery device in 
a diseased tissue pocket, the method comprising: 

a) heating a drug-containing bloerodlble polymeric 
30 matrix material to a physiologically compatible 

elevated temperature to Impart flowability to the 
matrix material; 

b) Introducing the flowable drug-containing 
bloerodlble matrix material into the .pocket; and 
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c) allowing the drug-containing bioerodible matrix 
material to cool to the body temperature of the 
pocket, so that the matrix material becomes less- 
to non-flowable and is retained in the pocket.. 

into ihT* ^ ° f CU1W 30 Whefe1n the '* ejected 

into the diseased tissue pocket. 

Into th! M "" 71*1°* ° f Cla1W 31 Whef6in tHe " 1XtUrt 1s W«W 
Into the diseased tissue pocket using a syringe. 

33. The method of claim 30 wherein the drug is selected from • 
the group consisting of antibiotics, anti- Inflatory drugs, 
antifungals, anti-caries agents and local anesthetics. 

34. The method of claim 30 wherein the diseased tissue pocket 
comprises a periodontal pocket and the drug comprises an antibiotic. 

° f CUlm 34 Where1n the ""tibiotic comprises 
tetracycline, minocycline, metronidazole, chlorhexldine or 
doxycycllne. 

36. The method of claim 30 wherein the matrix material is 
se ected from the group consisting of poly(orthoesters), polylactlc 
acids, polyglycolic acids, polylactides, polyglycolldes,' and 
copolymers and mixtures thereof . 

^ 37 ' THt Beth ° d ° f eUta 30 Where1n th « matrix material 
further comprises a biocompatible plastictzer. 

r« B «i 38 ' 'J? * eth ° d ° f CU1m 30 " here1 ' 1 the matrix mateHal 1s a 
copolywr of lactic add and glycol 1c add having about 50-75% lactic 
acid units and about25-50% glycolic acid units. 
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39. The method of claim 30 wherein the matrix material 1s a 
polymeric mixture of poly(2,2-dioxocyclol»exaned1methylene 
tetrahydrofuran) and po1y(2,2-d1oxohexamethylene tetrahydrofuran) 1n 
a ratio of from about 40:60 to 60:40. 

5 

40. The method of claim 30 wherein the matrix material is a 
polymeric mixture of high molecular weight Po1y(2,2-dloxocyclohexane- 
dlmethylene tetrahydrofuran) and low molecular weight poly(2,2-d1oxo- 
cyclohexanedlmethylene tetrahydrofuran) In a ratio of from about 

io 25:75 to about 75:25. 

41. The method of claim 30 wherein the matrix material Is a 
horaopolymer of poly(2,2.dioxocyclohexaned1methylene tetrahydrofuran) 
and further comprises a plastleizer. 
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42. The method of claim 30 wherein the matrix material has a 
dynamic viscosity no greater than aboutTx 10* poise at 0.1 
radian/second at a physiologically compatible elevated temperature 
and a dynamic viscosity of greater than about 1 x 10* poise at 0.1 
radlan/secojid at the body temperature of the tissue pocket. 

43. A bloerodible drug delivery device for a diseased tissue 
pocket produced by the method of Claim 30. 
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